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Abstract (en)
The invention provides a system and process of patterning structures on a surface comprising exposing part of the surface to an ion flux, such that
material properties of the exposed surface are modified to provide a mask effect on the surface. A further step of etching unexposed parts of the
surface forms the structures on the surface. The inventors have discovered that by controlling the ion exposure, alteration of the surface structure at
the top surface provides a mask pattern, without substantially removing any material from the exposed surface. The mask allows for subsequent ion
etching of unexposed areas of the surface leaving the exposed areas raised relative to the unexposed areas thus manufacturing patterns onto the
surface. For example, a Ga+ focussed ion beam exposes a pattern onto a diamond surface which produces such a pattern after its exposure to an
oxygen plasma etch. The invention is particularly suitable for patterning of clear well-defined structures down to nano-scale dimensions.

IPC 8 full level
G03F 7/11 (2006.01); B81C 1/00 (2006.01); G03F 7/00 (2006.01); H01L 21/033 (2006.01)

CPC (source: EP US)
B81C 1/00634 (2013.01 - EP US); B82Y 10/00 (2013.01 - EP US); B82Y 40/00 (2013.01 - EP US); G03F 7/0002 (2013.01 - EP US);
G03F 7/11 (2013.01 - EP US); H01L 21/0337 (2013.01 - EP US); B81C 2201/0143 (2013.01 - EP US); B81C 2201/0159 (2013.01 - EP US);
B81C 2201/036 (2013.01 - EP US); Y10T 428/24802 (2015.01 - US)

Citation (applicant)
• JP S63220524 A 19880913 - SUMITOMO ELECTRIC INDUSTRIES
• US 6391215 B1 20020521 - SMITH JAMES GORDON CHARTERS [GB], et al
• TANIGUCHI J. ET AL.: "Diamond Nanoimprint Lithography", NANOTECHNOLOGY, vol. 13, 2002, pages 592
• ANDO Y. ET AL.: "Spiky Diamond field Emitters", DIAMOND AND RELATED MATERIALS, vol. 12, 2003, pages 1681, XP004479841, DOI:

doi:10.1016/S0925-9635(03)00257-7
• STANISHEVSKY A.: "Focussed ion beam patterning of diamond like carbon films", DIAMOND AND RELATED MATERIALS, vol. 8, 1999, pages 1246
• BOTTCHER A. ET AL.: "Nanostructuring the graphite basal plane by focused ion beam patterning and oxygen etching", NANOTECHNOLOGY, vol.

17, 2006, pages 5889, XP020104345, DOI: doi:10.1088/0957-4484/17/23/029
• BRUNSCHWILER T. ET AL.: "Nested Channels for Fast Squeezing Interfaces with Reduced Thermal Resistance", 21ST IEEE SEMI-THERM

SYMPOSIUM, 2005
• ANDO Y. ET AL.: "Smooth and high-rate reactive ion etching of diamond", DIAMOND AND RELATED MATERIALS, vol. 11, 2002, pages 824,

XP004357027, DOI: doi:10.1016/S0925-9635(01)00617-3

Citation (search report)
• [XY] EP 0400791 A2 19901205 - AMERICAN TELEPHONE & TELEGRAPH [US]
• [X] JP S63281488 A 19881117 - HITACHI LTD, et al
• [X] EP 0321144 A2 19890621 - AMERICAN TELEPHONE & TELEGRAPH [US]
• [X] WO 03056611 A2 20030710 - INFINEON TECHNOLOGIES AG [DE], et al
• [X] US 5580419 A 19961203 - BERENZ JOHN J [US]
• [X] US 4622918 A 19861118 - BOK EDWARD [NL]
• [Y] US 2008038926 A1 20080214 - VENTZEK PETER L G [US], et al
• [XY] WANG Y L ET AL: "ROLE OF NATIVE OXIDE LAYERS IN THE PATTERNING OF INP BY GA ION BEAMWRITING AND ION BEAM

ASSISTED CL2 ETCHING", APPLIED PHYSICS LETTERS, AIP, AMERICAN INSTITUTE OF PHYSICS, MELVILLE, NY, vol. 56, no. 8, 19 February
1990 (1990-02-19), pages 749 - 751, XP000126740, ISSN: 0003-6951

• [X] "ACCELERATED IONS CREATE SEMICONDUCTOR ETCHING MASKS", NTIS TECH NOTES, US DEPARTMENT OF COMMERCE.
SPRINGFIELD, VA, US, 1 August 1988 (1988-08-01), pages 640,01/02, XP000039686, ISSN: 0889-8464

• [X] RENNON S ET AL: "Nanoscale patterning by focused ion beam enhanced etching for optoelectronic device fabrication", MICROELECTRONIC
ENGINEERING, ELSEVIER PUBLISHERS BV., AMSTERDAM, NL, vol. 57-58, 1 September 2001 (2001-09-01), pages 891 - 896, XP004302358,
ISSN: 0167-9317

• [X] BRUGGER J ET AL: "Silicon Micro/Nanomechanical Device Fabrication Based on Focused Ion Beam Surface Modification and KOH Etching",
MICROELECTRONIC ENGINEERING, ELSEVIER PUBLISHERS BV., AMSTERDAM, NL, vol. 35, no. 1, 1 February 1997 (1997-02-01), pages 401 -
404, XP004054087, ISSN: 0167-9317

Cited by
GB2515933A; GB2515933B; EP2860003A3; US8937019B2; US10475355B2; US10457089B2; US9901895B2; WO2013152070A1;
WO2012140210A1; EP2808118B1

Designated contracting state (EPC)
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV MC MT NL NO PL PT RO SE SI SK TR

Designated extension state (EPC)
AL BA MK RS

DOCDB simple family (publication)
EP 2144117 A1 20100113; AU 2009267415 A1 20100114; EP 2310911 A1 20110420; EP 2310911 B1 20170517; EP 3276418 A1 20180131;
EP 3276418 B1 20200909; US 2011189446 A1 20110804; US 8524100 B2 20130903; WO 2010003600 A1 20100114

DOCDB simple family (application)

https://worldwide.espacenet.com/patent/search?q=pn%3DEP2144117A1?&section=Biblio&called_by=GPI
https://register.epo.org/application?number=EP08104722&lng=en&tab=main
http://www.wipo.int/ipcpub/?level=a&lang=en&symbol=G03F0007110000&priorityorder=yes&refresh=page&version=20060101
http://www.wipo.int/ipcpub/?level=a&lang=en&symbol=B81C0001000000&priorityorder=yes&refresh=page&version=20060101
http://www.wipo.int/ipcpub/?level=a&lang=en&symbol=G03F0007000000&priorityorder=yes&refresh=page&version=20060101
http://www.wipo.int/ipcpub/?level=a&lang=en&symbol=H01L0021033000&priorityorder=yes&refresh=page&version=20060101
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=B81C1/00634
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=B82Y10/00
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=B82Y40/00
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=G03F7/0002
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=G03F7/11
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=H01L21/0337
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=B81C2201/0143
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=B81C2201/0159
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=B81C2201/036
http://worldwide.espacenet.com/classification?locale=en_EP#!/CPC=Y10T428/24802


EP 08104722 A 20080711; AU 2009267415 A 20090703; EP 09793879 A 20090703; EP 17171301 A 20090703; EP 2009004846 W 20090703;
US 200913003484 A 20090703


